families were analysed for HLA-DQ beta-chain polymorphism using a short intron-specific probe. A simple hybridization pattern was obtained in which all fragments were associated significantly with Type i diabetes. The simultaneous presence of two different risk markers, the allelic 12-kilobase and 4-kilobase fragments were strongly associated with Type 1 diabetes since 50% of the patients had this combination compared with only 2% of the control subjects. The cosegregated 7.5/3.0 kilobase fragments, which were associated with HLA-DR2 and DRw6 were not detected among the diabetic patients but were present in 48% of the control subjects. Our results provide further support for the location of susceptibility determining factors in the HLA-DQ gene area. The clear-cut, simple restriction fragment length polymorphism pattern obtained here, which bears a resemblance to a two allelic system, therefore makes this method applicable for estimating the risk of Type i diabetes at the population level.
There is a strong relationship between HLA and Type 1 (insulin-dependent) diabetes mellitus, in that individuals having the HLA-DR3 and/or 4 antigen type run an increased risk of developing the disease. Determination of the Type i diabetes risk was previously based on serological and/or cellular HLA typing, but recent major breakthroughs in molecular biology have provided new tools for evaluation at the genomic level. Restriction fragment length polymorphism (RFLP) analysis in the HLA gene area has revealed several diabetes-associated polymorphisms [1, 2] , suggesting that the susceptibility genes are located in the HLA-DQ region rather than the DR region. More recently it has been suggested that the amino acid at position 57 in the HLA-DQ beta-chain may play a critical role in determining predisposition to Type I diabetes. The presence of aspartic acid (Asp) in this position seems to provide protection against the development of the disease [3] . There are also results suggesting that Type i diabetes may be associated with an extended susceptibility haplotype [4, 5] or with a combination of DR/DQ alleles [6, 7] rather than with an isolated allele.
The RFLP method was used here in order to detect polymorphisms implicated as genetic elements predisposing subjects to Type i diabetes. Use of an HLA-DQ betachain gene intron-specific probe revealed a hybridization pattern simple enough to be employed in screening surveys to identify subjects at risk of developing Type 1 diabetes.
Our results support the role of the BamHI-12-kilobase and 4-kb fragments as susceptibility conferring markers for the disease [1, 8] and show a striking difference between the diabetic patients and the control subjects in the frequency of 7.5/3.0-kb fragments reflecting a resistance to Type 1 diabetes. Furthermore, the trans-allelic genotypes indicate that the highest risk based on these markers is given by combination of two different RFLP risk alleles, 12/4 kb heterozygosity.
Subjects and methods

Subjects
A total of 51 diabetic families with one or more children with Type 1 diabetes diagnosed under the age of 16 were studied, including five with two and two with three diabetic children. Forty-two of the families had been included in a previous report [5] . Ten to 40 ml EDTA-blood samples were collected from the diabetic children and accompanying family members at routine visits to the diabetes clinic at the Department of Paediatrics, University of Oulu. A total of 34 families of our laboratory or hospital staff members were used as control subjects. Only unrelated members (parents) were considered as individual control subjects. None of them had a first-de-gree relative with Type i diabetes. All the diabetic and control families were living in the Oulu area in Northern Finland. In addition, 50 unrelated blood donors with unknown HLA types were taken as control subjects. The study was approved by the Ethical Committee of the Medical Faculty, University of Oulu and informed consent was obtained from the blood donors.
HLA-DR typing
Mononuclear cells were isolated from heparinized peripheral blood by Lymphoprep (Nyegard and Co A/S, Oslo, Norway) gradient centrifugation and B-lymphocytes were further enriched by depletion of T-cells with 2-aminoethylisothiouronium bromide (AET)-treated sheep erythrocytes and monocytes with plastic adherence. HLA-DR antigens were determined from B-lymphocytes using the standard two-stage microlymphocytotoxicity method and commercial tissue typing trays (Biotest AG, Frankfurt am Main, FRG).
The probe
The HLA-DQ specific intervening sequence i (IVS I) probe was constructed from a BamHI-3.7-kb fragment corresponding to the 154 basepair sequence of the first intron and the 12 basepairs of the second exon of the HLA-DQ beta-chain gene [8] .
RFLP analysis
The leucocytes were collected from EDTA-blood samples by erythrocyte-haemolysis (155mmol/1 NH4C1, 10mmol/1 KHCO3, 0.1 mmol/1EDTA, pH 7.4). The cell pellet of leucocytes and erythrocyte ghosts was suspended in TE buffer (10 mmol/1 TrisHC1, 1 mmol/1EDTA) and stored at -80 ~ The cells were lysed at 37 ~ overnight (2 mmol/1 Tris, 0.4 retool/1 EDTA, 2 mmol/1NaC1,1% sodium dodecyl sulphate (SDS), 0.4% proteinase K) followed by phenol and chloroform extractions. DNA was precipitated from the aqueous phase with ethanol. The air-dried pellet was dissolved in an appropriate volume of TE buffer. BamH I was used to digest 10 gg of DNA according to the manufacturer's specifications (Boehringer Mannheim, FRG) and electrophoresed in 0.6% agarose gel at 40 V overnight. After an alkaline denaturation step the DNA was transferred to nylon filters (Hybond-N, Amersham, Bucks, UK) by the method of Southern [9] , dried and UV-fixed for 3 min.
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The purified IVS I probe was labelled with (alpha-32p)dCTP by nick translation to a specific activity of 3-5 x 108 cpm/gg [10, 11] . Hybridizations were performed at 42 ~ overnight in the presence of 50% formamide and 10% dextran sulphate. After subsequent washings, 2 x 10 min, at room temperature in 2 x standard sodium citrate (SSC), 0.1% SDS and 3 • 20 min at 55 ~ in 0.1 x SSC, 0.1% SDS, the filters were exposed to an X-ray film for 3 days at -70 ~ with intensifying screens.
Statistical analysis
The results were evaluated statistically using the chi square test. The degree of linkage disequilibrium was estimated by calculating the delta (D) values [12] . Relative risks were calculated using the formula: a/b x d/c in which a and c are the numbers of marker positive patients and control subjects, and b and d are the numbers of marker negative patients and control subjects.
Results
Type 1 diabetes-associated restriction fragments
A very clear-cut RFLP pattern was seen. DQ-beta alleles were represented by single specific restriction fragments except the one characterized by 7.5-kb and 3-kb fragments which always segregated together. The 10-kb fragment, present in all the individuals, represents the non-polymorphic DX-beta allele. The frequencies of individuals carrying the various allelic HLA-DQ beta restriction fragments are given in Table 1 . The distribution of all the major hybridization bands was significantly different between the two groups. The 12-kb fragment was the most strongly associated with Type 1 diabetes (92% vs 49%). Another risk marker was the 4-kb fragment (57% vs 25%). The other fragments were significantly less frequent among the diabetic patients. The most striking difference was found in the case of the co-segregated fragments 7.5/3.0 kb, which were completely absent among the diabetic patients whereas their frequency in the control subjects was 48%, suggesting a protective effect against Type i diabetes. Relative risk associated with non-prot homozygosity = 17.5 (p<lxl0 6) a Unrelated healthy members of control families and non-HLAtyped blood donors Analysis of the simultaneous presence of restriction fragments in the diabetic patients by comparison with the control subjects (Table 2) shows that the relative risk attached to 12/4-kb heterozygosity exceeds by far the risk for genotypes with only the 12-kb or 4-kb fragment. The frequency of patients with only the 12-kb fragment was 359 also increased among the diabetic patients, whereas apparent 4-kb homozygosity was similar among the diabetic patients and control subjects. Accordingly, the 4-kb fragment seems only to potentiate the effect of the 12-kb fragment in conferring susceptibility to Type i diabetes. The distribution of genotypes of reduced frequency, including 7.5/3.0 kb, 3.7 kb and 3.2 kb (Table 3) as protective markers, confirms the efficiency of the protection. Only one combination of two protective restriction fragments was observed among the diabetic patients.
The study of families allowed the analysis of haplotypic segregation and combinations. The frequencies of the various restriction fragments in the diabetic and control haplotypes are indicated in Table 4 . All the haplotypes found in the patients were designated as diabetic haplotypes, while the control haplotypes are taken as being both those of the control families (n = 81) and those found only in non-affected members in the diabetic families (n = 56). There was no difference between the Significances are marked as follows " p < 0.05; b p < 0.01; ~ p < 0.001; ~ haplotypes of control families and non-diabetic haplotypes of diabetic families two subgroups of control haptotypes in the frequency of RFLP fragments. The 12-kb and 4-kb fragments comprised 83% of the diabetic haplotypes, while the fragments with reduced frequency were 7.5/3.0kb (0%), 3.Tkb (2%) and 3.2kb (11%). The few exceptional hybridization patterns found in the diabetic patients (designated as others in Table 4 ) need further characterisation.
HLA-D Q RFLP genotypes in association with HLA-D R-antigens
The RFLP bands in the family material were connected with segregating HLA-DR haplotypes (Table 5) . Delta values for linkage disequilibrium were calculated for combinations of various allelic fragments with DR antigens. Highly significant associations were found for the major RFLP alleles. In 79% of the 12-kb positive diabetic patients the haplotype was positive for DR4, the remaining 12-kb positive patients being DRw8 or DR9. In the control subjects the relationship between the 12-kb fragment and the DR-antigen types was much more heterogeneous, and only 47% of the 12-kb positive control subjects were positive for DR4. The 4-kb fragment was associated with HLA-DR3 in 96% of the diabetic haplotypes and in 47% of the control haplotypes. Among the protective markers, the combination of 7.5/3.0-kb fragments was associated mostly with DR2, but sometimes also with DRw6. The 3.2-kb fragment was related preferentially to DR1, with a few exceptions, e. g. the only DR2 positive diabetic haplotype in this material was represented by the 3.2-kb fragment (data not shown).
All except one of the 42 DR4 positive diabetic haplotypes were associated with the 12-kb fragment, and 93% of the DR4 control haplotypes were also 12-kb positive, only one out of 15 being represented by the 3.7-kb fragment.
Discussion
Several reports have revealed differences in corresponding HLA-DQ polymorphic fragments between Type 1 diabetic patients and healthy control subjects [1, 2,13-16]. Owerbach et al. were the first to report an association between the DR4 related BamHI 12-kb fragment and Type 1 diabetes [1] , while the allelic 3.7-kb fragment was found to be rare among diabetic subjects. These two fragments correlate with the presence of the DQw8 and DQw7 alleles. This split between DR4 positive diabetic and control haplotypes has been confirmed in several other reports among them that of Michelsen and Lernmark, who used the short, intron-specific IVS I probe [8] . This was constructed from a cloned 3.7-kb fragment and had the particular advantage of generating a simple hybridization pattern with only seven polymorphic bands and one or two hybridization signals per segregating haplotype.
The results of our DNA analyses of the BamH I-digests performed with this IVS I probe were in agreement H. Reijonen et al.: RFLP as marker in Type 1 diabetes mellitus with a previous report [8] , supporting the role of the 12-kb and 4-kb fragments as risk markers for diabetes susceptibility. The remaining RFLP alleles (7.5/3.0, 3.7, 3.2 kb) were found to be inversely associated with diabetes, being of reduced frequency among diabetic patients. Compared with HLA-DR typing, which leaves a group of neutral antigen types without any association with Type i diabetes, the "IVS I-typing" serves better to delineate the frequency of risk markers in the background population.
The greatest risk is associated with the presence of both the 12-kb and the 4-kb fragment. The homozygosity for the 12-kb restriction fragment also contributed to an increased diabetes risk while the presence of two 4-kb fragments did not. This indicates the superior effect of the 12-kb fragment over the 4-kb fragment as a determinant of susceptibility. Dominance of DR4 over DR3 as a risk marker has also been seen in several surveys of subjects with Type i diabetes in Northern Europe [17, 18] , but the situation may be different in other populations [19, 20] . It is also remarkable that none of the control subjects apparently homozygous for the 12-kb fragment was positive for DR4 (data not shown). They were all DRw8 positive, which is in positive linkage disequilibrium with DQw4 [21] , also defined by the BamHI-12-kb restriction fragment [18, 22, 23] , making DQw4 indistinguishable from DQw8 in this respect. Heterozygosity for HLA-DR4/DRw8 and more specifically the DR4, DQw8/DRw8, DQw4 combination has, on the other hand, been demonstrated to be associated with Type 1 diabetes [17, 18] . In addition to DQw8 and DQw4, the DR9-associated DQw9 is defined by the same hybridization pattern, the BamHI-12 kb fragment [23] . DR9 is a major antigen associated with Type 1 diabetes in oriental populations [24, 25] . Both DQw4 and DQw9 are Asp 57 positive [3, 26] , and the finding of these antigens in diabetic patients is contradictory to the hypothesis of the primary protective role of this amino acid [3] . Although both the DRw8 and DR9 haplotypes were found among 12-kb fragment positive haplotypes in our series, DR4-positive ones were clearly over-represented among the diabetic haplotypes. Whether Asp 57 positivity of the DQ beta-chain creates differences in the strength of the 12-kb fragment as a Type 1 diabetes risk marker and whether diabetic patients possessing the 12-kb fragment are positive for Asp 57 at all despite the common DR/DQ associations are points that remain to be clarified by analysis with Asp 57-specific oligonucleotide probes.
Three major allelic fragments were clearly associated with protection against the disease, the differences between these alleles in the strength of the protection afforded are still conspicuous. The combination of the 7.5/3.0-kb fragments had the most striking effect, as it was totally absent among the diabetic patients in spite of the fact that 48% of the control subjects were positive. The 7.5/3.0 kb combination was associated with DR2 and DRw6, probably representing the Asp 57 positive DQw6 [27] .
The frequency of DQw7 representing the 3.7-kb fragment is somewhat lower in Finnish control subjects posi-tire for DR4 (7%) than in other Caucasian populations [28] [29] [30] [31] . All the published series, including this one, are still very small, however. Our results, nevertheless, indicate that dissection of the DQ genes may reveal specific genetic susceptibility in this population which has the highest incidence of childhood diabetes in the world [32] .
Only one of the diabetic patients had a double dose of protective markers, while the proportion of the control subjects negative for these protective markers was 13.5%. This frequency was similar to that reported by Morel et al. [33] for asp 57 positivity, which confers resistance to Type i diabetes. The frequency of control subjects at risk is far too high for the test to be used for screening disease susceptibility, however. In this respect the combination of two different susceptibility RFLP alleles seems more promising, since only 2% of the control subjects were positive. On the other hand, although the proportion of diabetic patients detected by this method decreased to 50%, this frequency is still higher than the 36% observed for DR3/4.
In summary, the RFLP method allows the detection of a considerable number of new markers of Type I diabetes in the HLA complex. A very simple hybridization pattern was obtained here with several restriction fragments significantly associated with the disease. The true genetic basis for these restriction fragments needs further characterization by sequence-specific oligonucleotide probing. A combination of the two techniques could point to suitable population screening methods.
